Introduction
Driving restriction is a major concern of people with epilepsy (PWE). 1 Nearly 70% of adults with epilepsy included driving restrictions in their list of concerns and 30% listed it as their main concern. 2 This restriction hampers their ability to work and negatively influences their quality of life. Seizure-free intervals necessary for getting a driving license vary greatly worldwide. Despite the regulations, a high percentage of PWE actually drive. 3, 4 Most PWE involved in driving accidents have been reported to be driving illegally, with seizure-free intervals shorter than legally permitted. 5 Few studies, however, have addressed the factors associated with poor compliance with driving regulations by PWE. 3, 6, 7 We therefore assessed the driving status of PWE in Korea and investigated if there were any differences in driving between people with controlled and uncontrolled seizures. We also determined the factors associated with an increased likelihood of driving against regulations.
Methods
Individuals aged 18-70 years, who had been diagnosed with any type of epilepsy and had been treated for at least one year, were recruited from four university hospitals in Korea. Patients with physical or psychiatric problem that could interfere with driving or impair the ability to accurately answer during the interview were excluded. All the patients fulfilling the criteria were asked to participate in the interview study on the day they visited their neurologists at the outpatient clinic. They were recruited consecutively during the 1 month (March 2009). The male-tofemale ratio of recruited individuals was approximately 2:1 because men are more likely than women to drive in Korea. The interview was designed to collect each patient's socio-demographic data and driving-related information. Clinical data related to epilepsy were collected from information in patients' medical files.
Based on Korean driving regulations, we categorized patients who were seizure-free for at least 2 years, the legally required seizure-free interval for driving, as the ''seizure-free (SF) group'' and those who had seizures within the past 2 years as the ''notseizure-free (NSF) group.'' To identify factors associated with poor compliance with driving regulations by PWE, comparisons between drivers and non-drivers in the total NSF group as well as in the NSF subgroup with driver license were performed. Univariate analyses were done using chisquare tests and t-tests at the 5% significance level. Multivariate analyses were then performed with logistic regression of significant variables identified by univariate analysis to determine those factors associated independently with driving by NSF patients.
Results

Demographic and clinical data
A total of 290 subjects were enrolled in the study; their demographic and epilepsy-related characteristics are summarized People with epilepsy (PWE) are restricted from driving because of the concern over seizure-related car accidents. We investigated the characteristics of driving in these people and aimed to identify factors associated with driving in those with uncontrolled seizures. Of 290 epilepsy patients, 58% had a driver's license, 40% had driven during the last year. Of 179 persons with uncontrolled seizures, 65 (36%) had driven a car in the previous year. About 9% of PWE with driver's license experienced seizure-related accidents in the previous 5 years, but it was significantly more reported by those with uncontrolled seizures. Being male, married, and employed, and taking fewer antiepileptic drugs were the factors independently associated with increased likelihood of driving in patients with uncontrolled seizures.
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in Table 1 . SF group was 38.3% (111 patients) and NSF was 61.7% (179 patients).
Driving status in PWE
Of the 290 participants, 169 (58%) had driving licenses, with approximately half acquiring their licenses before being diagnosed with epilepsy. Forty percent (116 patients) indicated that they had driven a car during the previous year, with 60% of them driving almost every day, although 80% (93/116) drove for less than 2 h per day. Most of those (72/116) who drove did so for personal reasons; only four individuals drove because their occupations were commercial driver. Driver's license was expired in four PWE. Among the current or expired driver's license holders, 30.6% (53/ 173) reported having a car accident during the previous 5 years and 8.7% (15/173) reported having had an accident due to a seizure.
Among the 179 NSF group, 97 (54%) said that they had a currently valid driver's license and 65 (36%) had driven a car in the past year. Thirty two PWE in the NSF group had a license but did not drive. Among the 111 SF group, 72 (65%) had a driver's license and 51 (46%) had driven a car in the past year. The percentage of license holders was higher in the SF than in the NSF group (65% vs. 54%), but the difference was not statistically significant (p = 0.095). Among the current or expired driver's license holders, 2 patients (2.7%) of SF group and 13 patients (13.0%) of NSF group reported to have seizure-related accidents in the previous 5 years, and the difference was statistically significant (p = 0.018). However, the rates of total accidents in the previous 5 years were not significantly different between SF (27.4%) and NSF group (33.0%) (p = 0.430).
Factors associated with driving in NSF group
3.3.1. Driver vs. non-driver in the total NSF group Among the 179 NSF group, NSF drivers were 65 (36%) and NSF non-drivers were 114 (64%). Univariate analysis revealed that NSF drivers were significantly more likely to be men (p < 0.001), the employed (p < 0.001), the married (p < 0.001), of advanced age at seizure onset (p = 0.017), to have seizures less frequently (p = 0.038), to have a consistent aura (p = 0.044), and to be taking fewer antiepileptic drugs (AEDs) (p = 0.006) ( Table 2 ). There were no significant differences in the duration of epilepsy, epilepsy types, and seizure types between NSF drivers and non-drivers.
Multiple logistic regression analysis identified four significant factors for driving in the NSF group: male sex [odds ratio (OR) 0.289, 95% confidence interval (CI) 0.103-0.809, p = 0.018], being married (OR 4.325, 95% CI 1.688-11.080, p = 0.002), employed (OR 3.328, 95% CI 1.451-7.636, p = 0.005), and taking fewer AEDs (OR 1.635, 95% CI 0.983-2.718, p = 0.05). In contrast, being employed was the only significant determinant of driving in the SF group (OR 7.616, 95% CI 2.881-20.131, p < 0.001).
Driver vs. non-driver in the NSF subgroup with driver's license
Among the 97 NSF license holders, NSF drivers were 65 (67%) and NSF non-drivers were 32 (33%). Univariate analysis revealed that NSF drivers were significantly more likely to be men (p = 0.010) and the employed (p < 0.001). Multiple logistic regression analysis identified only one significant factor for driving in NSF PWE with driver license: the employed (OR 0.338, 95% CI 0.115-0.994, p = 0.049).
Discussion
The high proportion of PWE who drove in Korean PWE was similar to that observed in other countries. A European crosssectional study 4 showed that 44% of the patients and 67% of the controls had a driving license. In Korea, PWE must be seizure-free for at least 2 years before they can be issued a driving license. Despite these restrictions and despite the risks and consequences of having a seizure, our results showed that 54% of PWE with uncontrolled seizures had a driving license and 36% had driven a car in the previous year. We found no differences between PWE with uncontrolled and controlled seizures in the percentages of license holders and actual driving during the past year. Other studies have reported that 36.8% of patients with intractable partial epilepsy held valid driving licenses, 31.3% had driven a car during the past year, 3 and that nearly 20% of patients who had at least one seizure per year continued to drive. 6 Among the driver's license holders, the rates of total accidents in the previous 5 years were not significantly different between SF and NSF group. False negative result (type 2 error) caused by insufficient sample size could not be excluded. In contrast, about 9% of PWE with driver's license in our study reported having had at least one accident caused by a seizure in the last 5 years. The incidence was significantly higher in patients with uncontrolled (13.0%) than with controlled (2.7%) seizures. The rate of seizurerelated accidents in patients who had at least one seizure per month has been reported to be quite high (27%), 3 although another study found that the rate of seizure-related accidents did not increase when the required seizure-free period was reduced from 12 months to 3 months. 8 Patients regard long periods of driving restrictions as a heavy burden that greatly interferes with their quality of life. Disqualifying PWE from driving increases their social handicaps. 9 We found that four factors, male sex, being married, being employed, and taking fewer AEDs, increased the likelihood of driving by patients legally prohibited from driving. All of these factors, except for taking fewer AEDs, were related to the ability to live independently. Among them, being employed was an independent determinant of driving, both in driver license holders with uncontrolled seizures and PWE with controlled seizures. Regardless of seizure control, 77% of those who reported driving in the past year were employed, whereas only 23% of those who did not drive were employed. This finding is consistent with the results of previous studies, 6, 7, 10 showing that the main reasons that PWE are noncompliant with driving restrictions were employment-related. Even in urban areas, driving is essential for the maintenance of gainful employment. 11 In contrast, an association between full-time employment and driving was not observed in patients with refractory epilepsy who were being evaluated for epilepsy surgery in the United States. 3 A close relationship has also been demonstrated between being married and employed among male PWE. 12 Being married, especially for men, is a marker of greater familial responsibilities, encouraging PWE to get a job and to drive, despite legal or regulatory driving restrictions. Similarly, men with epilepsy have been found to be more likely to obtain a driver's license and to do so at a younger age than women with epilepsy; these gender differences were also observed in control, non-epileptic individuals. 10 Taking fewer AEDs was the only clinical factor independently associated with driving. Of NSF patients taking 1, 2, and 3 AEDs, 59%, 29%, and 11%, respectively, were driving, whereas none of the individuals taking 4 or 5 AEDs was driving. Taking fewer AEDs was also identified as an independent factor for driving in another study. 6 This factor reflects relatively good seizure control and fewer adverse effects of AEDs.
This study has some limitations. First, the study population was derived from university hospitals and they likely have more severe seizures than PWE attending primary clinics. And we did not collect data for patients who declined study participation. Therefore, some of our results may not be generalized to all PWE. However, our findings on the factors likely to influence PWE to drive, the main focus of this study, may be generally applicable to all PWE. Second, some unaccounted-for variables such as patient's intelligence and education level tend to co vary with several predictor variables in the study and could account for a subject not driving. The failure to analyze these unaccounted-for variables is a limitation that should be considered.
In conclusion, our study identified important factors related to poor compliance with driving in patients with uncontrolled seizures. Most of these factors were related to the ability to live independently for the individual driver. Physicians should consider these factors when counseling each of the non-compliant patients.
